The main objective of the study was to investigate the effect of various filler materials on inter laminar shear properties of glass/epoxy composite materials. In this study three different filler materials were selected (SiO 2 , T i O 2 , Glass powder) for high strength and stiffness applications. The physical properties are also studied with the composites. The fiber volume fraction of material plays vital role in preparation of composite laminates. The fabrication method used was conventional hand lay-up process depending upon the resin system hot temperature cure and room temperature curing processes were selected. The short beam shear test was carried out to test inter laminar shear strength (ILSS). The short beam shear test results inter laminar shear strength and to find the significant influence of filler material on characterization of glass fiber reinforced plastic (GFRP) composite. The test results shown that high shear strength were observed with silicon dioxide(SiO 2 ) filler material and with 10% of silicon dioxide filler material shows maximum ILSS value.
Introduction
The composite materials are made up of strong and stiff fibers generally used in aerospace industry for a part of air craft or space shuttle. The light weight composite materials can offer the impressive properties such as high specific strength and stiffness. The composite material made up of matrix such as polymers and reinforcements as fibers. Glass is the most common form of reinforcing material because it is easily available with less cost and has good mechanical properties. Glass fiber reinforced in epoxy matrix with addition of Composite Materials small amount of filler/foreign particles will significantly improve engineering properties of the polymers. Glass fiber reinforced plastics (GFRP) composite material was developed to fulfill all the requirements of industry for high strength and low weight. E-glass fibers are mostly used because they have special characteristics such as high strength to weight ratio, good dimensional stability, good resistance to heat and corrosion.
The properties of composite material depend greatly on the physical properties of polymer matrix and type of fillers used. The uniform dispersion of fillers in the polymer matrix is a pre requisite for achieving improved interfacial properties. The various filler materials are incorporated in the matrix to modify the physical properties. In this study three different filler material like SiO 2 , TiO 2 , Glass powder are used to investigate the inter laminar shear properties. Test results indicates that 10% of SiO 2 filler material exhibits better inter laminar shear strength compared to other filler materials.
Epoxy resin is one of the widely used polymer matrix in the composite industry due to its excellent addition to many reinforcement materials. Its high hardness, excellent resistance to humidity, good mechanical and thermal properties coupled with processability. The properties of fiber reinforced composite materials are different for different constituents. The end properties of the composites depend not only on the matrix but also on the material composition, size, and shape of the fiber. Surface modification can affect many properties such as strength, hardness, wear resistance, heat dissipation and dimensional stability.
Even though several research papers are available on epoxy filled with filler materials. A study on effect of fillers on inter laminar shear strength (ILSS) on special purpose composites has not been performed. Therefore the main objective of the study is the addition of various types of fillers to epoxy resin and specifically analyzing ILSS of composite materials.
Experimentation

Materials:
The test specimens was made from Bi-woven E-glass fiber with 0/90 fiber orientation as reinforcing material. The thickness of reinforcing fiber is measured as 13 mil(0.33 mm). In the present investigation organic filler materials were used with weight percentage to fabricate composite laminates. The details of materials used as shown in below 
Preparation of Samples:
Test specimens prepared by hand layup process. In this process a metal mould of 300mm x 300 mm can be used. The mould inside surface is cleaned with acetone or any cleaning solution for easy removal of laminate from the mould can be used with wax or petroleum jelly agent is applied. The E-glass fibers are to be cut as per the size of mould and layered on flat surface of the mould. The matrix material epoxy resin LY556 and hardener HY5200 with varied fiber volume fraction of silicon dioxide and titanium dioxide filler is applied evenly on the surface of the fiber cloth. The excess resin is squeezed with the help of roller. The laminates are cured at high temperature (HT) curing.
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The reinforcing materials are stacked one above the other to require thickness. The mould must be compressed. In the similar way different fiber volume fraction of titanium dioxide and glass filler material samples are to be prepared. The matrix material epoxy resin LY 556 and hardener HY 951 with varied fiber volume fraction of glass powder as filler material used to prepare the laminates at room temperature (RT) curing.
The prepared mould kept in the oven and set the temperature of the oven to 150 0 C @ 1 0 C per minute. When the test specimen temperature reaches 140 0 C hold and maintain for four hours. After completing hold period start cooling the oven from 140 0 C to 60 0 C @ 1 0 C per minute. When the air temperature reaches to 60 0 C the oven has to be switched off air temperature reaches to room temperature. Than the mould is taken out from the oven and the laminates are removed from the mould and cut into required size as per ASTM standards to test inter laminar shear strength (ILSS). 
Specimen Testing:
Four test specimens L 0 , L 1 , L 2 , L 3 with different fiber volume fractions 0%, 5%, 10% and 15% of filler materials of five samples of each were made and average value was considered to test inter laminar shear strength. The test was carried out by using universal testing machine INSTRON 4505 with cross head speed is 1 mm per minute and span length to specimen thickness ratio s/t = 4 was selected for this test. ILSS was calculated as per ASTM D 2344 standards. The force applied at the time failure was recorded.
The inter laminar shear strength (ILSS) = 0.75 P/bh (1)
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Where ILSS is Inter laminar shear strength (N.mm 2 ) P is the braking load (N) "b" and "h" are width and depth of the specimen (mm) 
Results and Discussions
In this study ILSS of glass epoxy composites filled with varied volume fraction of SiO 2 , TiO 2 , Glass powder filler materials were evaluated.
Physical properties:
The physical properties of any composite material depend on fiber volume fraction and density. The matrix and reinforcement of material plays vital role for determining the strength and stiffness. 
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The physical properties of test results indicates that optimum fiber volume fraction (32.74% of resin and 67.26% of fiber) and maximum density is 1.81 is obtained in the composite filled with 10% volume of silicon dioxide. The physical properties of test results indicates that optimum fiber volume fraction (36.60% of resin and 63.40% of fiber) and maximum density is 1.7623 is obtained in the composite filled with 10% volume of Titanium dioxide. The physical properties of test results indicates that optimum fiber volume fraction (38.83% of resin and 61.17% of fiber) and maximum density is 1.7247 is obtained in the composite filled with 10% volume of glass powder.
Inter laminar shear strength analysis:
Inter laminar shear strength (ILSS) depends on matrix properties and fiber matrix interfacial strength. Details of inter laminar shear properties of different filler materials. Titanium dioxide filled glass/ epoxy composite laminates have maximum fiber volume fraction is 63.40% and minimum fiber volume fraction is 59.35%.The maximum resin content is 40.65% and minimum resin content is 36.60%. The maximum density is 1.7623 gm/cc. Its maximum ILSS value is 29.32 MPa.
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Composite Materials Glass Powder filled glass/ epoxy composite laminates have maximum fiber volume fraction is 71.36% and minimum fiber volume fraction is 61.17%.The maximum resin content is 38.83% and minimum resin content is 28.64%. The maximum density is 1.7247 gm/cc. Its maximum ILSS value is 24.71 MPa.
Conclusion
The addition of fillers (S i O 2, T i O 2 , Glass Powder) materials in Glass/Epoxy composite material influence the inter laminar shear strength. From the test results it indicates that Physical properties of silicon dioxide filler material shows improved density compare to other two filler materials. Laminates filled with 10% of S i O 2 , Glass Powder filler material shows maximum inter laminar shear strength. To conclude fillers can be used as reinforcing filler in epoxy for thermo set polymers. However careful analysis has to be made to decide which type of filler to be used depending upon their application and use.
